INTRODUCTION 40
Quantifying fitness is fundamentally important to testing the adaptive function of 41 traits in the study of evolution and its underlying mechanisms. Reproductive success is 42 one of the best approximations of fitness (reviewed in Pradhan et al., 2015) , and it is 43 feasible to quantify the number of offspring produced by an individual in a diversity of 44 species in the field (e.g., Buston Across species, parentage cannot be assumed on the basis of which nest offspring 56 develop in or the identity of the individuals providing parental care. For example, extra 57 pair copulations in birds (Griffith et al., 2008) and pirate (e.g., Tatarenkov et al., 2006 ) 58 and sneaker males (e.g., Svensson and Kvarnemo, 2007) in fish can result in parents 59 caring for unrelated offspring. For gobies, one of the largest families of advanced fishes, 60 multiple females can lay eggs in the same nest within short succession (Tamada, 2008) . 61
Visual assessment of developmental stage or the timing of egg laying are not sufficient to 62 identify which female contributed which clutch of eggs (Takahashi and Ohara, 2006) . 63
Our goal was to develop a method of marking eggs in order to rapidly and visually 64 identify the mother while having minimal/no impact on female health, social behavior, or 65 reproductive behavior and biology. Previous studies have used intraperitoneal injections 66 of various dyes, the most effective of which for gobies was brilliant blue FCF (Okuda et 67 al., 2002) . We expand on this work by testing multiple colors of dye that are 68 commercially available as food coloring. Food coloring is inexpensive, multiple colors 69 can be delivered in the same vehicle (see Okuda et al., 2002) , and, to our knowledge, the 70 dyes do not independently impact reproductive success (e.g., β-carotene, Okuda et al., 71
2002; Olson and Owens, 1998) . 72
We used two small injections of dye, one into each ovary, to mark eggs (Fig 1a,  73 b). The dye incorporates into the egg yolk and persists through embryonic development 74 (Fig 1c) . This manipulation was used as a part of a study investigating connections 75 among social behavior, reproduction, and hormones, and we share preliminary 76 observations about effects on L. dalli health, social interactions, egg laying, and the 77 enzyme immunoassays used to quantify hormones. Beyond analyzed in social groups with no mortality (n=51). To form groups with fish of specific 92 sizes and sex ratios, fish were briefly anesthetized in tricaine methanesulfonate (MS-222; 93 500 mg/L salt water). To dye the eggs, we injected a small volume (~0.03-0.05 mL) of 94 undiluted blue, yellow, or green food coloring (Dec-A-Cake icing tint) into each ovary 95 using a 28.5-gauge insulin syringe (BD Lo-Dose) (Fig 1a) . Each female in a group was 96 dyed a different color, and color was balanced across statuses. We did not include a no-97 dye control injection group in this study (see discussion). Our pilot experiments suggest 98 that the stage of egg development in the ovary can impact the effectiveness of the dye. 99
For L. dalli, mid-cycle injections were the most effective. Females injected immediately 100 after laying often had clutches that were incompletely or only faintly dyed, similar to 101 intraperitoneal (rather than ovarian) injections. 102
103

Quantifying reproduction and behavior 104
Males were provided with a PVC nest tube (3 inch length, 1 inch diameter) lined 105 with acetate, on which females lay demersal eggs. We performed egg checks from the 106 outside of the tank every 30 minutes from 6 am to 8 pm, and if present, we removed the 107 acetate, took a digital picture, and returned the eggs within minutes (as in Solomon-Lane 108 et al., 2014). We used ImageJ (Schneider et al., 2012) to count the number of eggs laid. 109
Dye could affect social behavior through physiological mechanisms or because it 110 temporarily (~24 hours) colors the entire fish, internally and externally (Fig. 1c) . We 111 conducted 4 10-minute behavioral observations in the first ~52 hours after social groups 112 were formed, including 1 min, 3 hours, ~24 hours, and ~52 hours after the fish were 113 introduced into their group. We recorded social interactions among all members of the 114 group, including approaches, when one fish swims directly towards another fish within 2 115 body lengths, and displacements, a response to an approach in which the approached fish 116 swims away. Displacements are a measure of aggression, and being displaced is a signal 117 of submission by subordinates (Rodgers et al., 2007) . Behaviors summed over the 4 118 observation periods are presented as behaviors per min. We tested for effects of dye color 119 on the behaviors expressed by the dyed fish (approaches, displacements), as well as how 120 group members interacted with that fish (approaches to the focal female, submissions 121 by/displacements of the focal female). Because the effects could be status-specific 122 (Solomon-Lane et al., 2014), we also included social status in our analyses. 123 124
Enzyme immunoassays 125
Collecting water-borne hormones is a non-invasive method of quantifying 126 systemic steroid hormones (Kidd et al., 2010) . Water collected from injected fish can 127 contain visible quantities of dye; therefore, it was critical to determine whether dye 128 affected the enzyme immunoassays (Cayman Chemical). To test the effect of the green, 129 yellow, and blue dyes on the cortisol, 11-ketotestosterone (a potent fish androgen), and 130 17β-estradiol enzyme immunoassays, we completed two standard curves per assay. We 131 added 1μl of dye to each well of one standard curve (e.g., cortisol: yellow in standards 2-132 3; blue in standards 4-5; and green in standards 6-8). 1μl of ultrapure water was added to 133 wells of the control curve. The assay was then completed according to the supplied 134 instructions, and the plates were read 105 min following development for cortisol and 11-135 ketotestosterone and after 135 min for 17β-estradiol. We present the equation and r-136 squared value for the dyed and control standard curves. 
Dye color does not affect social behavior 165
There were no differences in rates of approaching among dye colors (F2,144=2.15, 166 p=0.12), but there was a trend for differences in rates of approaching across social 167 statuses (F2,144=2.96, p=0.055). There was no interaction effect (F4,144=0.62, p=0.65). For 168 displacements, there were no differences among dye colors (F2,144=0.84, p=0.44), but 169 social statuses differed significantly (F2,144=7.75, p=0.00064). There was no interaction 170 effect (F4,144=0.87, p=0.48). Post hoc tests showed that alphas (p=0.00062) and betas 171 (p=0.014) displaced other fish significantly more than gammas. There were no 172 differences between alphas and betas (p=0.60) (Fig 2b) . 173
There was a trend for other members of the social group to approach the focal fish 174 differentially based on dye color (F2,144=2.73, p=0.068) but not status (F2,144=1.04, 175 p=0.35). There was also no interaction (F4,144=0.50, p=0.74) (Fig 2c) . Finally, there were 176 no differences in rates of submission (i.e., focal fish displaced by others) among dye 177 colors (F2,144=1.04, p=0.34), but there were significant differences across social status 178 (F2,144=9.04, p=0.0002). There was no interaction effect (F4,144=0.59, p=0.67). Post hoc 179 tests showed that gammas submitted significantly more than alphas (p=0.00017) and 180 betas (p=0.0087). There were no differences between alphas and betas (p=0.50) (Fig 2d) . Our preliminary analyses suggest that green and yellow dyes will be the most 211 useful for marking L. dalli eggs, although additional colors that have yet to be tested may 212 work equally well. Females injected with green and yellow had high survival, laid eggs, 213 and interacted socially. Comparisons to a no-dye control injection group will ultimately 214 be necessary for identifying any specific effects on health, social behavior, male 215 parenting, as well as egg laying, development, and hatching success. Based on personal 216 observation, males parent dyed eggs, which go on to develop (Fig 1c) and hatch. Green, 217 yellow, and blue dyes also had no effect on the standard curves for cortisol, 11-218 ketotestosterone, and 17β-estradiol, suggesting these dyes can be used in experiments that 219 quantify hormone concentrations in water, blood, or tissue using enzyme immunoassays. 220
This method of quantifying neuroendocrine function is very common and can be used to 221 understand the regulation of behavior and reproduction (e.g., Pradhan et al., 2014) . 222
For species like L. dalli, in which females lay multiple clutches during the 223 reproductive season, an important limitation of this method is the need to re-inject a 224 female each time she lays eggs in order for her next clutch to be marked. Females that lay 225 more frequently will receive more injections, and groups with higher rates of 226 reproduction will be disturbed more frequently. The potential negative impacts of these 227 stressors on social and reproductive dynamics remain to be tested, although L. dalli 228 tolerated multiple injections well. There may also be methods for releasing dye over time 229 in order to avoid repeated injections. One possible solution is implants made by mixing 230 gelatin powder with food coloring. A small piece of the gelatinous material will release 231 dye into phosphate buffer for more than 3 weeks, and the mixture can be injected while 232 warm into anesthetized females so that it gels in situ in the abdominal cavity. It may also 233 be possible to implant a packed pellet of dye powder, similar to pharmacological 234 manipulations using packed pellets of steroid hormone (e.g., Pradhan et al., 2014) . The 235 efficacy of the gelatin or pellet to dye eggs (a single clutch or multiple clutches) in vivo 236 has yet to be tested. 237
We hope that as a result of this successful demonstration of egg marking in 238 female L. dalli that others explore whether this method is useful in their research. While 239 our primary goal was to estimate female fitness, we foresee additional applications, for 240 example, in the study of development. To implement this method, we suggest piloting 241 multiple colors of dye because both species and experimental context could affect the 242 efficacy of the dye and/or confounds of specific dye colors. For example, although L. (n=14); yellow beta (n=20); yellow gamma (n=17); green alpha (n=20); green beta 357 (n=15); green gamma (n=16); blue alpha (n=17); blue beta (n=16); blue gamma (n=18). 358
Different letters indicate significant status differences (p<0.05). 359
